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Abstract 
During the operation of solar power towers there are occasions, commonly in the summer season, where some of the heliostats 
have to stop focusing at the central receiver, located at the top of the tower, because the maximum temperature that the receiver 
can withstand has been reached. The highest demands of cooling for air conditioning take place at these same occasions. In the 
present paper, we have analyzed the possibility of focusing the exceeding heliostats to the receiver increasing the mass flow rate 
of the heat transfer fluid over the nominal value and using the extra heat as a source of an absorption chiller. The chilled water 
would be used to cool buildings and offices, using a district cooling network. Using the extra heat of the solar power tower plant 
would greatly reduce the electricity usage.  
In this work we have analyzed the case of a circular field of heliostats focusing at a circular receiver, such as the case of 
Gemasolar plant. We have quantified the thermal power that can be obtained from the unused heliostats, the cooling capacity of 
the absorption system as well as the heat losses through the insulated pipes that distribute the chilled water to the buildings of the 
network. 
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1. Introduction 
Solar central receivers’ technology has a large potential for electricity generation [1, 2]. Heliostats concentrate 
the incident solar energy into the receiver, where the radiation energy is transferred to heat by convection to the 
transfer fluid (HTF). High solar fluxes incident on the receiver (up to 1MW/m2) allow working at high temperatures, 
and to integrate these receivers into Rankine plants. The solar towers can be integrated in fossil plants and form 
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hybrid plants or the sun might be the only source for the production of electricity. In the latter case, the use of 
thermal storage allows the conversion of thermal power to electricity during periods of no insolation and it also 
buffers the steam generator from solar transients [3]. 
 
In the present study we have focused on solar towers that work with molten salts as the thermal fluid, although it 
could be extended to receivers using other fluids such as saturated steam or air. The solar molten salt technology 
uses an external receiver to absorb the concentrated solar energy by the surrounding heliostats. The first commercial 
plant using molten salts as HTF was Gemasolar, constructed in Andalucía, Spain. The project built by Torresol has a 
thermal storage of 15 hours to power a 19.9 MWe turbine. At Tonopah, USA, Crescent Dunes, a 110 MW thermal 
power plant with molten salts is currently under construction. 
 
The external receiver is formed by tubes that gather into panels. To ensure symmetry the salt flow is divided into 
two paths, and in each circuit the salt passes through half of the panels. The salt enters in the receiver at low 
temperature (slightly above the melting point), through the northern panel (in the northern panel), which receives the 
highest radiation flux. As the salt moves through the rest of the panels, the temperature of the salt increases and the 
radiation flux on the panels decreases. The operation of the plant must ensure that the temperature of the salt never 
reaches the decomposition temperature, or the freezing point by increasing or reducing the mass flow rate. 
 
The optimization of the heliostat field layout is essential for cost reduction [4]. The heliostats field layout is 
generally designed at the spring-solar equinox noon, which means that in summer it is possible to store heat to be 
used in periods of no insolation. Nevertheless there are occasions, especially in the summer season where the solar 
flux is maximum, that it is strongly advised to stop some of the heliostats at focusing at the receiver, when a critical 
temperature is reached or when the energy exceeds the maximum load of the turbine plus storage.  
 
One of the main targets of society nowadays and in the foreseeable near future is to increase the use of renewable 
energy sources, like solar thermal energy. In this sense, the implementation of solar cooling systems in buildings 
reduces the electricity consumption peak in summer: absorption-cooling chillers are employed broadly worldwide 
when solar thermal energy is used for air-conditioning purposes [5]. Furthermore, the materials and the fluids used 
in these systems are harmless to the environment during the whole life cycle. 
 
In these chillers, the refrigerant vapor is separated in the generator with the help of the of an external driving fluid 
that provides the heat needed, in this case supplied by the solar plant. The refrigerant enters into the condenser and 
evaporator in a similar way as in a conventional electricity-driven compression chiller. The vapor produced in the 
evaporator is absorbed by the solution in the absorber, releasing heat to ambient. When the chiller has only one the 
system is named single-effect chiller, which is the most common technology utilized in solar cooling, allowing the 
use of conventional flat plate collectors [6,7]. With the aim of reaching higher efficiencies, two condensers and two 
generators can be used. These systems are named double-effect chillers. In the last years, they have been used in 
some experimental facilities in combination with Parabolic Trough Collector PTC [8]. As far as the authors know, 
experiences of absorption chillers supplied with heat coming from solar towers do not exist. 
 
The district cooling is a technological solution that uses the thermal energy from a power plant in a secondary 
system for the cooling production. The cold production is transported by a heat transfer fluid (typically water) 
through a network of pipes from the power plant to the final consumer. Therefore, in the district cooling system, an 
adequate system for cold generation as a function of the thermal source is absolutely necessary [9]. 
 
Generally, the district cooling system is formed by four main subsystems: the cold production, the distribution, 
the heat exchangers and the utilization systems. The central power plant can be considered as the core of the system. 
The necessary thermal energy for the district cooling production system can be provided from many types of power 
plants (renewable energy, wasted energy, biomass, fossil fuels…) and this characteristic places the district cooling 
systems as a relevant technology for the building conditioning. However, to take a great advantage of this 
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technology, it is highly recommended that the central power plant is not based on fossil fuels and the thermal 
production is based on cogeneration, renewable energies, or waste valorization 
 
A storage tank and a pump system are necessary for the cold water transportation from the production point to the 
final consumer. Typically, a direct buried distribution piping system is normally used for the water transport (two 
pipes go and return). The pipes are made of a shot-blasted carbon steel pipe, a low conductivity polyurethane 
insulation and a high density polyethylene casing, with a nominal flow velocity equal to 1.5 m/s and DN ę150-900 
(mm) [9, 10]. These distribution systems are complemented with other control systems for the heat transfer fluid 
properties, thermal stress, water quality and water leaks. 
 
This work is focused on the implementation of a district cooling system into a solar power plant. We propose to 
increase the mass flow rate of the molten salts through the receiver during the periods of high insolation. In this 
manner the energy absorbed by the HTF will increase. The excess energy can be used as a heat source for absortion-
chillers that will supply the chilled water to the cooling system. 
2. Description of the solar cooling system 
In this section the three main subsystems that integrate the solar cooling system are described: the solar 
subsystem, the absorption chillers and the main district cooling network (see Fig. 1).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Scheme of the solar system, absorption chillers and district cooling network. 
 
The salt mass flow rate is increased through the tubes of the external receiver to absorb more energy. This energy 
that will not be used to produce electricity, since the power plant is already producing electricity 24 hours, can be 
therefore used to produce cold. The chilling water produced can be stored or directly supplied to the final user using 
the district cooling network. In the next subsection the geometrical and technical characteristics of the solar field, 
the absorption chillers and the district cooling network are presented. 
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2.1. Solar subsystem 
The heliostats field layout has been calculated following the guidelines proposed by Collado [4].  As we have 
mentioned before we have chosen the spring equinox. The location of the plant has been fixed at Fuentes de 
Andalucía (37e27Ą48ąN 5e20Ą40ąO), Spain. The main parameters to obtain the layout have been noted in 
Table 1. The values of the solar radiation have been obtained in the literature [14].  
Table 1. Data used to calculate the thermal power generated the heliostat field layout [4]. 
Parameters Value 
Tower optical height  130 m 
Receiver diameter and length 8.4 m; 10.5 m 
Minimum radius of the field 97.5 m 
Heliostat area and height 120 m2; 10.95 m 
Efficiency of the receiver  0.95 
Blocking, shading, attenuation with distance, and spillage factors 0.99; 0.99; 0.95; 0.97 
Thermal storage capacity 15 hours 
Turbine power 19.9 MWe 
 
The energy absorbed by the molten salts can be calculated from the incident energy on the receiver, using the 
parameters from Table 1 [4]. The energy absorbed by the molten salt is calculated assuming that the receiver has a 
mean efficiency of 0.95. The energy used for cold production will be only the available energy assuming that the 
plant is producing electricity 24 hours per day. 
2.2. Absorption chiller and cold storage 
The residual solar heat can be used to feed absorption cooling chillers. The thermal level of the solar heat 
available (temperature higher than 250 ºC) would allow the use of triple effect chillers [11]. However, only a gas-
fired model is available in the market currently. For this reason, the optimal chiller in this case is a double effect 
one. Table 2 shows the nominal operational data of the double effect absorption chiller selected in the present study. 
It is a Broad chiller of 11.63 MW cooling capacity [12].  
Table 2. Nominal operational data of the 11.63 MW Broad absorption chillers. 
Variable Value 
Chilled water flow rate  1429 m3/h 
Pressure drop in the evaporator  60 kPa 
Cooling water flow rate  2442 m3/h 
Steam consumption  12550 kg/h 
Total electricity consumption  507.9 kW 
 
The coefficient of performance, COP, is defined as the ratio between the cooling energy produced and the heat 
supplied to the chiller (in this case it is supplied by the solar receiver). Fig. 2 represents the variation of the COP as 
a function of the heating load, H, which is the ratio between the heating supplied and the nominal heating load for 
the selected chiller ሶܳ ௡௢௠= 8.25 MW. The data used to construct the graph, corresponding to the 4 points showed, 
were obtained from the manufacturer catalogue [12]. To simulate the performance of the solar tower district cooling 
system it was necessary to obtain a correlation between COP and heating load, H. The function obtained, using 
STATISTICA® software, appears in Equation (1) and values of COP predicted are represented with a solid line in 
Fig. 2. The goodness of the fit parameter R2 = 99.8%. 
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1.3518 ln(100 ) 65.705 (100 ) 8.2893COP H H      (1) 
 
Fig.2. COP as a function of the heating load. Comparison between the data from the manufacturer and the data obtained from equation (1). 
2.3. Main district cooling network 
The cooling distribution network is a key element of the district cooling system. The pumping energy 
consumption has to be taking into account to ensure the profitability of that system compared to the traditional 
mechanical compression systems. The cooling distribution network is composed of two sub-systems; the primary 
and the secondary system (see Fig. 1). The primary system consists of two buried pipes; one pipe to transport the 
cold water from the cooled storage to the secondary system and the second pipe is used for the water return from the 
secondary system to the chiller. The secondary system will be composed of different networks, valves, heat 
exchangers, etc. to transport the cold water from the primary system to the buildings. In this section, the pump 
consumption of the primary system is calculated as a function of the pressure losses.  
 
The pumped power, ሶܹ௣, can be obtained applying the first law of thermodynamics to a control volume under the 
next assumptions: steady state conditions, water is assumed ideal liquid with constant specific heat, pump is 
adiabatic, variations of kinetic and potential energy are negligible and the temperature variation within the tube 
length due to the friction factor is insignificant. Equation (2) gives an expression for the power needed for the pump 
in the district cooling system 
pW m h m P m P LX X c '  '  '    (2) 
where m  is the total mass flow rate of chilled water flowing through the primary system, X the specific volume, 
P' is the pressure loss through the pipe and L the total length of the primary system, which we have determined to 
be 20 km (since we have selected a real town placed at half that distance from the central solar plant) . The pipes 
were selected from the Logstor company catalogue [10]. Following the catalogue’s specifications, the pipe pressure 
loss per unit length, ' /P P L'  ' , is equal to 100 bar/m.  
 
Furthermore, equation (3) relates the chilling water mass flow rate, m , to the total thermal cooling load, ሶܳ ௣ 
p
cw
Qm c T '    (3) 
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where the specific heat capacity of water is  c = 4180 J/kgK  and the temperature difference of the chilled water 
in the absorption chiller is ΔTcw = 7 ºC.  Therefore combining equations (2) and (3) the power needed for the pump 
can be obtained as a function of total cooling demand. Table 3 shows the values of the main parameters of the piping 
system. 
Table 3. Parameters of the pipes of the district cooling system [10]. 
Parameters Value 
Typology  buried 
Maximum internal flow velocity 1.5 m/s 
Hydraulic pressure head loss 100 Pa/m 
Temperature variation with distance 5 10-5 ºC/ m 
Tube dimension ØD x s  1016 mm x 11 mm 
 
3. Case studied 
The 23rd of June of 2013 has been the date selected to design the cooling system. The meteorological data has 
been obtained from the literature [13, 14].  
3.1. Data of the central receiver 
The incident energy in the tubes is partly absorbed by the heat transfer fluid circulating by the tubes of the 
receiver, partly lost by radiation and convection. We have considered that the main aim of the plant is to produce 
24h of electricity, and only when that condition is satisfied will the plant produce heat to feed the district cooling 
absorption chiller. For the day chosen the available energy for the cold production is shown in Fig. 3. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.3. Thermal power supplied to the absorption chiller on the 23rd of June. 
3.2. Data of the cooling load 
For the calculation of the cooling load several aspects have to be taken into account. The outdoor dry bulb 
temperature on 23 of June 2013 was obtained from the weather station [14] at Fuentes de Andalucía (Seville, Spain) 
(see Fig. 4). The indoor dry bulb temperature was assumed to be 25 ºC, in accordance with the Spanish Regulation 
1806   C. Marugán-Cruz et al. /  Energy Procedia  49 ( 2014 )  1800 – 1809 
on Thermal Facilities in Building [15] and the air conditioning system was assumed to work exclusively when the 
outdoor temperature reached 28ºC or higher [16]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.4 . Evolution of the ambient temperature with the local time. June 23th of 2013. 
The thermal load and demand for a standard home, was obtained by Izquierdo et al [16]. The the authors based 
their calculation on four aspects: the heat transfer coefficient of the building envelope, the weather conditions, the 
internal loads and the external loads, the average size of Spanish homes (80 m2), the distance between the floor and 
the ceiling around (2.5 m) and the occupancy of 3 people per house [17]. Their work provides an expression for the 
calculation of the total thermal  load (see equation (4) ): 
 i iGQ UA T '    (4) 
where ሺܷܣሻீ is the global transfer coefficient and its value is 0.35 KW/ºC [16] and  ο ௜ܶ is the difference between 
the dry bulb ambient  temperature, Ta,  and the comfort dry bulb indoor temperature.  Figure 5 shows the thermal 
load of a single house on the 23th of June. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.5: Thermal load for a reference house as a function of the local time calculated on the 23rd of June 2013. 
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4. Design 
4.1. Absorption chiller and cold storage 
Taking into consideration the solar heat available to feed the absorption chillers during the day selected for the 
analysis (23th of June), the configuration that maximizes the chiller performance is shown in Fig. 6.(a), where three 
to five chillers are operating at partial load conditions along the day. The evolution of the number of chillers running 
and the heating load along the day are represented in the figure. The data used for the analysis is only available in 
intervals of one hour. Fig. 6.(b), shows the evolution of COP along the operating period, obtaining values always 
higher than 1.4. 
 
Fig.6.(a) Number of chillers running and heating load along the day.(b) COP of the absorption chillers. 
 
The total cooling energy produced by the absorption chillers is able to satisfy the cooling thermal load of 9466 
houses. Fig. 7 shows a comparison between the cooling power produced by the chillers, ሶܳ ௖௛  , and the cooling 
thermal load of all of these buildings, ሶܳ ௣. As it can be noticed, different performance of the cooling production and 
consumption are obtained. For this reason, cold storage tanks are needed to better match supply and demand. Cold 
storage was preferred over heat storage because, as stated by Li et al. [18], a cold storage tank has a lower rate of 
heat gain because of the small temperature difference between the chilled water and its surroundings. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7. Comparison between cooling power produced by the chillers and the cooling thermal load of the 9466 houses. 
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The global results of the solar cooling facility operation for the day considered are summarized in Table 4. 
Table 4. Obtained results of the solar cooling facility operation 
Parameters Value 
Nº of absorption chillers running 3-5 
Average COP 1.58 
Average heating partial load  74 % 
Maximum cooling thermal load 34.45 MW 
Maximum mass flow rate 1177 kg/s 
Average cooling power  43 MW 
Total cooling energy produced  301 MWh 
Percentage of the cooling load supplied  97 % 
Number of reference houses covered with the district cooling 
network 
9466 
 
Regarding the cold storage tanks, they have dimensioned to allow for adjusting the cold distribution to the 
cooling load. From Fig. 7, the maximum cooling power not consumed by the load is 32.8 MW. For this reason, 
maximum energy to be put in storage during one hour is Qs = 118.3 MJ. From equation (5), given the water 
temperature change through the evaporators of the absorption chillers (ο ௖ܶ௪= 7 ºC), the resulting mass of water 
required in the tanks to storage this energy is tanm  4 tons. 
tans cwQ m c T '    (5) 
4.2. Primary district cooling network 
Equations (2) and (3) together with the distance from the power plant to the core of the population and the mass 
flow rate of chilling water (see table 4) provide the pressure loss in the primary district cooling pipes. On the other 
hand, the total electricity power that would be used if the cooling system was a mechanical compression chiller can 
be obtained from equation (6), where COPmc is the coefficient of performance of an air-conditioning system of this 
kind, and that we will assume to be COPmc = 3. 
 pmc
mc
QW COP                  (6) 
Equations (2) and (6) can be used to compare the consumption of the two cooling systems (district cooling and 
traditional mechanical compression air cooling). In this way we can define X as the ratio between the pumped power 
consumption in the district cooling system and the electricity power in the mechanical compression system. In this 
analysis we have obtained this value to be X = 0.1.  
5. Conclusions 
In this work, a new system has been proposed to take the opportunity of the excess solar energy in periods of 
high insolation. This energy will supply the generator of a double effect absorption chiller, for cooling generation. 
The generated cold, that can be stored, will be used in a district cooling system. The absorption chiller, the storage 
system and the primary network transportation have been designed to maximize the number of house to be supplied 
with chilled water. 
 
However, in the design of a solar thermal power plant in combination with a district cooling system there are 
several aspects that deserve special consideration: the excess of solar energy available in periods of high insolation 
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can be used to produce cold, however if this energy is absorbed by the heat transfer fluid with no modifications of 
the tower, it can result in degradation of the salts due to high temperatures. The high heat fluxes on the tubes of the 
receiver may produce early failure of the panels due to thermal stresses. Finally a cost study is necessary to evaluate 
if the ratio between the cooling thermal power supplied by the system and that of a traditional mechanical-
compression system is small enough as to make the building of the infrastructure profitable. 
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